Background: The Stroke Impact Scale 3.0 (SIS 3.0) is widely used to measure quality of life in stroke survivors; however, previous studies have not tested the original 8-factor structure of the scale. In addition, previous studies have shown floor and ceiling effect and weak reliability within the scale. Objective: The aim of this study was to evaluate the psychometric characteristics of the SIS 3.0, including its construct validity (factorial structure, concurrent and contrasting group validity), floor and ceiling effect, and reliability. Method: A cross-sectional design was used to study 392 stroke survivors enrolled in 16 rehabilitation facilities across Italy. Factorial structure of the SIS 3.0 was tested with confirmatory factor analysis. Concurrent and contrasting group validities were evaluated with other scales measuring functional capacities, neurological functions, cognition, anxiety, depression, and generic quality of life. Floor and ceiling effects were evaluated by determining the percentages of patients with the minimum and the maximum score at SIS 3.0. Reliability was determined by Cronbach's ! and test-retest. Results: Participants were 71 years old on average (SD, 11 years); 55% were men. Confirmatory factor analysis revealed a new 4-factor structure that fitted the data better than the original 8-factor structure did. Concurrent and contrasting group validity of the new 4-factor structure was supportive and no floor and ceiling effects were found. Internal consistency and test-retest reliability ranged between 0.79 and 0.98. Conclusion: The new factorial structure of the SIS 3.0 with 4 factors showed better psychometric properties than the original 8-factor structure did. This evidence supports further use of the SIS 3.0 in clinical practice and research.
S
troke represents a leading cause of death in industrialized countries with cardiovascular diseases and cancer and has a significant impact on individuals, families, and public health. 1, 2 Stroke is the second single most common cause of death, accounting for almost 1.1 million deaths in Europe each year, 3 and in the United States, it is expected that nearly 4% of the population will have a stroke by 2030. 4 Stroke causes severe disabilities. One year after stroke, 30% of survivors complain of significant disability, including limb spasticity or flaccidity, depression, cognitive impairment, disorientation, pain, malnutrition, and sleep disturbances. 5 Because these problems influence the quality of life (QOL) of patients, it is important for clinicians and researchers to have measures that exhibit evidence of reliability and validity to evaluate the impact of stroke on QOL among survivors.
Until the late 1990s, generic tools were used to measure QOL in stroke survivors. from 0.27 to 0.62. Most of the correlations with the second scale were significant, with coefficients ranging from 0.25 to 0.69. Reliability was tested by the Cronbach's !, which approached 0.90 for each domain with the exception of the Emotion domain, which was 0.80. The factorial structure of the SIS 2.0 was not tested in this study.
In 2003, the SIS 2.0 evolved into the SIS 3.0 version. 11 Rasch analysis was used to test the unidimensionality of each separate domain and to identify misfitting items, defined as those with an infit mean square value above 1.3. This analysis identified 5 items with an infit mean square value of 1.5, and thus, the initial 64 items were reduced to 59. However, the whole multidimensional construct of the scale was not examined in this study because Rasch analysis can test only unidimensional construct. Reliability was not tested in this study.
Carod-Artal et al 16 tested the psychometric properties of the SIS 3.0 in Brazil. Concurrent validity was examined using other scales measuring generic QOL, neurological and physical functioning, cognition, anxiety, and depression. Most of these correlations were statistically significant and ranged between 0.17 and 0.85. Internal consistency and test-retest reliability were satisfactory for 7 domains (0.81Y0.94 and 0.79Y0.94, respectively), whereas for the Emotional domain, internal consistency was 0.49 and test-retest reliability was 0.48. These investigators also tested the floor and ceiling effects and found a floor effect in the Hand function dimension (45.9% of sample that scored 0) and a ceiling effect in the Communication dimension (17.3% that scored 100). The factorial structure of the SIS 3.0 was not tested in this study.
Geyh et al 17 tested the psychometric properties of the SIS 2.0 in the German population. They also used Rasch analysis to test the unidimensionality of each individual domain and found 7 items showing lack of fit to the data (with infit mean square values 91.3) in their dimensions. The person reliability index, an alternative statistics for Cronbach's !, ranged between 0.67 (for the Communication domain) and 0.92. A floor effect was shown in the Hand function domain (27.8% of patients who scored 0) and a ceiling effect was shown in the Memory, Communication, and Hand function domains (40.5%, 54.6%, and 19.6% of the patients who scored 100, respectively). Other kinds of validity were not tested in the study of Geyh et al, and the authors concluded that the dimensionality of the SIS 3.0 should have been further studied.
Even though several studies have tested the psychometric properties of the SIS 2.0 and 3.0, its factorial structure has not been tested to date. This is a significant limitation to understanding the psychometric properties of the SIS 3.0. Knowing the factorial structure of a scale is considered an essential and preliminary step for its construct validity and reliability testing. 18 In addition, the floor and ceiling effect and the reliability (internal consistency and test-retest reliability) of the SIS 3.0 have been not supported in several studies. Therefore, the aim of this study was to test the psychometric properties of the SIS 3.0, such as its construct (including the factorial structure, concurrent, and contrasting group validity), floor and ceiling effect, and reliability (internal consistency and test-retest).
Methods

Design, Sample, and Setting
A cross-sectional design was used to conduct the study. Participants enrolled in the study were all stroke survivors admitted to 16 rehabilitation facilities in the provinces of Rome, Frosinone, Foggia, Lecce, Bologna, Grosseto, Caserta, Naples, Siena, and Messina. These provinces are located in the north, center, and south of Italy. All enrolled participants had a stroke diagnosed clinically and then confirmed by tomography or magnetic resonance. Individuals were excluded from the study if they had (1) a severe preexisting neurological deficit caused by a previous neurological disorder, (2) concomitant severe systemic illness such as cancer or severe organ failure, and (3) inability to answer the questionnaires because of clinical dementia or global aphasia.
Instruments
The following instruments were used.
1. An investigator-developed sociodemographic questionnaire was used to gather general data such as gender, age, education, marital status, and employment. This is not a psychometric tool but was used in a previous study. 19 Clinical data such as type (eg, ischemic) and site of stroke, and time from stroke as well, were abstracted from patients' clinical charts.
2. The SIS 3.0. 11 As described above, this 59-item instrument measures QOL of stroke survivors in 8 dimensions. All items use a 5-point Likert scale, and a standardized score from 0 to 100 is calculated from each dimension, with higher scores meaning better QOL. The 100-mm visual analog scale item measures the global perception of recovery from stroke. Before its use in the Italian sample, the SIS 3.0 was translated from English into Italian by 2 nurses with expertise in stroke and fluent in English. Then, the Italian version was back-translated into English by a bilingual English teacher with expertise in medical English blinded to the original version. Then, the 2 versions were compared and minimal modifications were done. The final version was called SIS 3.0 Italian version.
3. The SF-36 6 is a generic instrument used worldwide to measure QOL. The SF-36 includes 36 items grouped in 8 scales: Physical function, Role physical, Bodily pain, General health, Vitality, Social function, Role emotional, and Mental health. The 8 scales can be also grouped into either the Physical Component Summary (PCS) or the Mental Component Summary (MCS). Each scale is standardized to 100; higher scores mean better QOL. The SF-36 has been tested for reliability and validity in stroke survivors. 6, 20 Validity was tested with factor analysis and contrasting patients with different gravity conditions. Reliability was tested evaluating the internal consistency of each scale. 6, 20 Cronbach's ! ranged from .68 to .98 in the present study.
4. The Barthel Index (BI), 21 with 10 items, assesses independence in physical activities such as mobility, feeding, bathing, toilet using, grooming, transfer, dressing, climbing stairs, bowel, and bladder control. The possible score ranges from 0 to 100, and a higher score means greater independence. The psychometric properties of the BI were established for validity, correlating BI scores with those of the National Institute of Health Stroke Scale (NIHSS), 22 and for interrater reliability.
22
In the present study, the Cronbach's ! coefficient was .92. 5. The Mini-Mental State Examination (MMSE) 23 is a 19-item measure of cognitive functions: orientation, registration, attention and calculation, recall, language, repetition, and execution of complex commands. Possible score varies from 0 to 30, and higher scores mean better cognition. The validity and reliability of the MMSE have been proven also for the stroke population. 24 Specifically, concurrent validity of the MMSE was evaluated with a battery of neuropsycological tests for cognitive impairment. 24 Reliability tested in this study resulted in a Cronbach's ! of .83.
6. The Hospital Anxiety and Depression Scale (HADS) 25 has been used frequently in the stroke patient population 26, 27 and consists of 2 scales with 7 items each that measure anxiety and depression. Possible scores for the 2 scales range from 0 to 21, with higher scores corresponding to higher levels of anxiety and depression. The concurrent validity of the HADS in the stroke population has also been proven recently with other scales measuring anxiety and depression. 28 The internal consistency reliability of the HADS in this research was adequate (Cronbach's ! of .77 and .70 for anxiety and depression, respectively).
7. The NIHSS 29 is a 15-item instrument that assesses specific neurological functions (level of consciousness, questions, commands, gaze, visual field, facial palsy, motor leg and arm, ataxia, sensory, language, dysarthria, extinction, and inattention). Each item is summed, and the total score ranges from 0 to 42. A higher score denotes stronger impairment due to stroke. The NIHSS has been widely used in clinical trials. 30 The validity of the NIHSS was evaluated by correlating its score with brain damage size as measured by computed tomography. 30 Interrater reliability was also established. 31 is a strokespecific instrument that evaluates functional dependence. Possible scores range from 0 to 5. Higher scores indicate more symptoms and more severe disability: at score 0, the patient has no stroke symptoms and no disability, and at score 5, the patient has serious disability. Concurrent validity of the MRS was tested with the BI and the NIHSS, whereas reliability was established with interobserver agreement. 31, 32 9. The IADL scale 33 is an 8-item tool used worldwide to assess patients' ability to perform common activities such as using a telephone, shopping, preparing food, housekeeping, doing the laundry, using transportation, managing one's own medications, and handling finances. The psychometric properties on the IADL scale have been retested also recently in the elderly population 34 ; criterion validity was evaluated with measures of mobility performance, and reliability, with test-retest. 34 The score of the IADL scale ranges from 0 to 8, with a higher score denoting greater ability to carry out the activities.
The Modified Rankin Scale (MRS)
The institutional review boards of each rehabilitation facilities where patients were enrolled approved the study before data collection began. Patients were approached during hospitalization by research assistants trained in data collection. After patients were fully informed of the study and signed the informed consent form, an initial set of the study instruments were administered. Patients who were able and willing to complete the instruments independently did so, but most asked the research assistants, who were nurses, to have the items read. If research assistants noticed that patients were burdened by data collection, they stopped and resumed data collection in a second time (in any case within 24 hours). No more than 1 interruption on data collection was performed by research assistants. All the above instruments had a Gunning's Fog Index equals 2, which means participants needed to have 2 years of formal education to understand the instruments' content. The MMSE, the NIHSS, and the MRS were always administered by trained nurses. Fifteen days after the initial data collection, SIS 3.0 was readministered to assess test-retest reliability.
Statistical Analysis
Descriptive statistical procedures (mean, SD, frequencies) were used to describe the sociodemographic characteristic of the sample, including clinical characteristics of stroke and the mean of each of the scales' scores.
The construct validity of the SIS 3.0 was evaluated exploring its factorial structure and with concurrent and contrasting group validity. The factorial structure was evaluated by confirmatory factor analysis (CFA). Using a multifaceted approach to assess the model fit 35 and taking into account the recommendations of Hu and Bentler, 36, 37 the following fit indices were considered: # 2 , comparative fit index (CFI), root-mean-square error of approximation (RMSEA), and standardized rootmean-square residual (SRMR). Overall model fit was judged using the following cutoff values: CFI 0.95 or greater, 37 RMSEA up to 0.05 and in the lower bound of the 90% confidence interval (CI), 38 and SRMR values below 0.08 36, 37 as indicating a good fit. Given the small sample size for the number of SIS 3.0 items (subject variable ratio = 6.6:1), the CFA was performed via item parcelling. Item parcelling is a measurement practice commonly used with latent-variable analysis techniques (eg, CFA) where 2 or more items are averaged or summed to make an aggregate-level indicator, named parcel. In this way, each parcel represents more than 1 item and all parcels are a reduced form of the original scale. This approach allows the implementation of analytical techniques even with small sample size for the number of the instrument items. 39, 40 Because unidimensionality is a prerequisite for item parceling, we verified parcel unidimensionality through exploratory factor analysis (EFA) and then reported Cronbach's ! for each parcel. 39, 40 The concurrent validity of the SIS 3.0 was evaluated correlating SIS 3.0 summed score dimensions with scores of other instruments, specifically SF-36, BI, MMSE, HADS, NIHSS, and IADL, using Pearson productmoment correlations. To control for capitalization on chance due to multiple correlations, a Bonferroni-like approach was used; accordingly, only differences associated to a less than .003 probability level were considered as statistically significant. Contrasting group validity was assessed by analysis of variance comparing SIS 3.0 scores by the 6 groups of patients identified by the MRS.
Floor and ceiling effects were determined by computing the percentage of the patients who obtained the minimum and the maximum score in a measure, respectively. An instrument is considered not having a floor and a ceiling effect if both percentages are less than 15%. 41 Internal consistency and test-retest reliability of SIS 3.0 were computed by Cronbach's ! and intraclass correlation coefficient (ICC), respectively, on the dimensions extracted by factor analysis.
Data analysis was performed with SPSS 19.0 and Mplus 6.12. Level of significance was set at P G .05.
Results
Patients' Sociodemographic and Clinical Characteristics
A total of 450 patients were initially approached, but 58 were excluded because of exclusion criteria (n = 40) or refusal to participate in the study (n = 18). The final sample consisted of 392 stroke survivors, whose sociodemographic and stroke-related characteristics are reported in Table 1 . The mean (SD) age of participants was 71 (11) years; most were men (55%) and married (58%). Educational level was low, with 70% of the sample educated at only an elementary or middle school level. Retired people constituted 66% of the sample. Twenty days was the median time since stroke event and 75% of the sample had had an ischemic stroke, with a slight higher prevalence of the right hemisphere (47%). Table 2 reports the scores on each of the instruments. In this sample, the mean scores on the NIHSS and MRS were 7.2 and 3.2, respectively, indicative of slight to moderate neurological dysfunction and needing help even though capable to walk. The mean scores on the BI and IADL scale were 44 and 3.5, respectively, which denote a need for help in activity and IADL. The mean (SD) MMSE and anxiety and depression scores in the HADS were 2 (8), 10 (5), and 11 (4), respectively, which are considered moderate cognitive impairment, moderate anxiety, and depression. Of the 8 SF-36 scales' scores, 5 were below 50 points as well as the PCS and the MCS, indicating diminished QOL in each domain. Table 2 also reports normative data collected on a random sample of 258 healthy patients aged 65 to 74 years. 42 The SD of the SF-36 Role Physical and SF-36 Role Emotional were higher than their mean scores, denoting a high variability in these 2 measures. However, a similar phenomenon can been seen also in the normative data, which report a large SD in the above scales.
Psychometric Evaluation of the Stroke Impact Scale 3.0
Construct Validity
The CFA performed on the 8-factor structure of the SIS 3.0 did not fit the data (2 2 1624 = 6449.9; P G .001; CFI, 0.82; RMSEA, 0.09 [90% CI, 0.08Y0.09]; SRMR, 0.08) and showed extremely high factor correlations among some domains (r = 0.85 between Communication and Memory; r = 0.93 between ADL/IADL and Mobility; r = 0.86 between ADL/IADL and Hand function). To examine SIS 3.0 factor structure, we first performed EFA to identify the number of factors and the items loading per each factor, then we validated the resulting factor solution using CFA. Before EFA, the Bartlett test of sphericity and
In the EFA, in deciding among the various factor solutions, a scree plot of eigenvalues was considered along with the interpretability of the solution. A solution is considered to be interpretable if items load on a factor (pattern coefficient Q0.30) and appear to align in content. To choose the best solution, the following 4 criteria were considered: (1) the number of items not loading on any factor, (2) the presence of factors with few items, (3) the number of items loading on more than 1 factor, and (4) the interpretability of the factors. 43 Factors were extracted using principal axis factoring and then oblique rotated using the Promax procedure.
In the EFA, the analysis of the eigenvalues (Figure 1 ) suggested 3 plausible solutions: 8 factors, 6 factors, and 4 factors. Because both the 8-and 6-factor solutions were not interpretable or simple (particularly, the 8-factor solution did not reproduce the 8 original dimensions), a 4-factor solution was preferred (Table 3) . Moreover, this solution was the most favorable with respect to all the 4 criteria chosen for conducting the EFA. 43 The first factor that resulted from the EFA, labeled ''Physical,'' explained 32% of the total variance; the second factor, ''Cognitive,'' explained 18% of the total variance; the third factor, ''Emotional,'' explained 7% of the total variance; and the fourth factor, ''Social participation,'' explained 6% of the total variance. Overall, these factors explained 63% of total variance and showed low to moderate positive correlations 44 (Table 4) . As reported above, before testing the new factorial structure of the SIS 3.0 with CFA, the SIS 3.0 items underwent item parcelling (see Table 5 for parcels' details). The CFA implemented for the 4-factor model resulted from the EFA fitted the data: 2 2 90 = 342.99; P G .001; CFI, 0.96; RMSEA, 0.085 (90% CI, 0.076Y0.095); SRMR, 0.053. Factor loadings were all significant (P G .01) and higher than 0.60. Correlations among factors ranged from 0.38 (between the Physical and Emotional factors) to 0.76 (between the Social participation and Physical factors) (Figure 2) .
The concurrent validity of the new 4 SIS 3.0 factors (Table 6 ) showed weak to moderate correlations with all SF-36 scales, PCS, and MCS. Correlations with the other scales were almost all significant, ranging from j0.27 to 0.69. The highest correlations were between the SIS 3.0 Cognitive factor and the MMSE (r = 0.69), between the SIS 3.0 Physical factor and the BI and IADL scale (r = 0.69 for both scales), and between the SIS 3.0 Emotional factor and the HADS-Anxiety and HADS-Depression (r = j0.68 and j0.67, respectively).
Contrasting group validity was also supported. Using the analysis of variance test, the comparison of the SIS 3.0 factor scores among the 5 groups of patients identified by the MRS was significant (P G 0.001): the groups of patients with lower MRS had higher SIS 3.0 factor scores and vice versa (Table 7) .
Floor and Ceiling Effect and Reliability
The lowest floor effect was observed for the Cognitive and Emotional factors (Table 8) , where only 0.5% of patients scored 0. The highest floor effect was observed in the Social participation domain (7.1%). The Cognitive factor was also the factor with the highest ceiling effect, with 4.3% of participants who scored 100.
Internal consistency reliability (Cronbach's !) was high in all SIS 3.0 factors, ranging from 0.89 for the Emotional factor to 0.98 for the Physical factor. The test-retest reliability showed high ICCs, which ranged from 0.79 for the SIS 3.0 Stroke global recovery item to 0.93 for the Cognitive factor (Table 8) .
Discussion
To our knowledge, this is the first study that has tested the factorial structure of the SIS 3.0 using CFA. Our analysis adds new insight into the instrument's psychometric properties. Surprisingly, the 8-dimension solution did not fit the data well using CFA, so it was necessary to explore the factorial structure using EFA and then CFA. This analysis resulted in a 4-factor solution that fit the data well with supportive fit indices. These results are somewhat consistent with results of other researchers. In our analysis, 4 of the dimensions proposed by Duncan et al 10, 11 (Strength, Hand function, Mobility, ADL/IADL) converged in a unique factor. Indeed, these 4 dimensions were found highly correlated in our initial CFA and clustered in a unique factor (which we called Physical). Therefore, using these dimensions individually as proposed by instrument developers in clinical practice would not provide any more specific information regarding the impact of stroke. In fact, in previous studies in which Strength, Hand function, Mobility, and ADL/IADL dimensions were tested for their concurrent validity, 16, 19, 45 similar correlation coefficients were found among the above 4 dimensions and concurrent validity scales. Also, in several intervention studies where the SIS scores were the outcome variables, the above 4 dimensions measured individually behaved very similarly.
46Y49
In this study, the items of the original SIS 3.0 Memory and Communication dimensions clustered together in a unique factor that we called Cognitive factor. Indeed, the Memory and Communication domains were highly correlated in our initial CFA (r = 0.85), providing evidence of very similar item contents between the 2 domains. Similarly, in the Australian validity and reliability testing of the SIS 2.0, researchers found a correlation of r = 0.70 between the Memory and Communication dimensions. 15 In addition, in several SIS validity and intervention studies, 16, 19, 45 the Memory and Communication domains correlated with similar coefficients with other concurrent validity scales and behaved similarly after rehabilitation interventions. 46Y50 In the new factorial structure of the SIS 3.0 provided in this study, the 4 factors (Physical, Cognitive, Emotional, and Social participation) have only a moderate correlation with each other, which is evidence that they measure distinct domains. In the EFA, item 5g, which investigates how often in the last week the patient found it difficult to control the bowels, cross-loaded between the Physical and the Cognitive factors. This result was not a surprise because people with cognitive impairment are also at higher risk of fecal incontinence. 51, 52 Most correlations between SIS 3.0 factors and SF-36 subscales were significant. Interestingly, the SIS 3.0 Social participation factor showed a stronger correlation with the SF-36 Physical Functioning than with the SF-36 Social Functioning domain. Actually, the items of the SIS 3.0 Social participation factor assess limitations in 8 specific activities (eg, work, active recreation) that require physical abilities that may be compromised in stroke survivors, whereas the 2 items on the SF-36 Physical Functioning generically measure how physical health or emotional problems interfere with ''normal social activities.'' Correlations between SIS 3.0 factors and the other concurrent validity scales were all highly significant and congruent in their correlations (eg, the Physical factor showed the strongest correlation with the BI, and the Cognitive factor, with the MMSE). These results are consistent with other studies that tested the concurrent validity of the SIS 3.0. 10, 16 Contrasting group validity testing showed mean score differences among the MRS categories: as the condition of stroke survivors worsened, SIS 3.0 factor scores significantly decreased (P e .001). These results demonstrate that the new SIS 3.0 factors are able to discriminate across different degrees of stroke severity and might thus be useful in clinical practice and research Boldface identifies the primary factor on which the item loaded. to monitor stroke progression and rehabilitation outcomes.
Previous studies on the SIS 3.0 psychometric characteristics 10, 16, 17 have shown poor internal consistency and test-retest reliability in the Emotion and Communication domains (with a Cronbach's ! and ICC G 0.70), ceiling effects in the Communication and Social participation dimension, and a floor effect in the Hand function dimension (with 915% of the patients reaching the highest and the lowest possible score in these domains, respectively). In our study, the internal consistency and test-retest reliability of the SIS 3.0 Emotional factor were 0.88 and 0.82, respectively. The highest floor effect was observed in the SIS 3.0 Social participation factor but was only 7.1%. The highest ceiling effect (4.3%) was exhibited by the SIS 3.0 Cognitive factors. This is an important finding because the 4 SIS 3.0 factors identified in this study showed better reliability and limited floor and ceiling effect. Compared with the study of Carod-Artal et al, 16 our patients had even more limited functional independence according to the BI, the NIHSS, and the MRS scores, and thus, they should have exhibited a higher floor effect. Test-retest reliability showed also that the SIS 3.0 was very stable with the 15-day period of administration.
Limitation
This study has several limitations. First, participants were selected from rehabilitation hospitals and had more severe limitations as is expected in a recent stroke. That is, survivors in the chronic phase of the stroke living in a community setting were not enrolled in this study. In addition, participants who had severe or preexisting neurological disorders and severe comorbidity were excluded. The selection of a more homogeneous sample of stroke survivors resulted in slightly less generalizability of findings but allowed for control of possible confounders, resulting in more confidence in the validity of the SIS 3.0 for this population. Another limitation of the study is that, sometimes, patients completed the research instruments by their own while others asked the instruments' item to be FIGURE 2. Confirmatory factor analysis of the Stroke Impact Scale 3.0. P indicates parcel. read by research assistants. Even though research assistants were trained to administer the instruments without influencing patients' responses, there might be difference on scale scores depending and the way the scales were administered. However, the self-administration of research instruments might be a challenge for stroke survivors because of the physical disabilities, as other investigators have also reported. 11, 17 We observed that within some factors (eg, Physical and Cognitive factors), there were items highly correlated, suggesting a redundancy among items. This might represent a limitation to a faster administration of the instrument including, at the moment, 59 items. Finally, our analysis used a sample of Italian stroke survivors; thus, validating the new factorial structure in a more diverse population is indicated.
Implications for Clinical Practice
The results of our study indicate that the SIS 3.0 is an instrument that exhibits improved evidence of validity and reliability to evaluate QOL in stroke survivors undergoing rehabilitation. Compared with previous studies, 10, 16 the new factorial structure of the SIS 3.0 better fits the data, measures distinct dimensions, has better reliability, and has lower floor and ceiling effects. These results suggest that using the 4 factors with 4 separate scores in clinical practice would allow a better and not redundant evaluation of stroke survivors' QOL than using the 8 original domains. In fact, according to the results of our study, computing separate scores for the Strength, ADL/IADL, Mobility, and Hand function domains (which were found to be in the Physical factor) as well as for the Communication and Memory domains (which were found to be in the Cognitive factor) would not yield more specific information than computing 2 scores for the Physical and Cognitive factors, respectively. Better reliability and lower floor and ceiling effects of the 4 factors mean that computing 4 scores (1 per each factor) will yield a more precise evaluation of stroke survivors' QOL with less measurement error 53 and with a reduced portion of people with the highest and the lowest possible scores (because of ceiling and floor effects). Consequently, stroke recovery might be better evaluated as well as interventions aimed at improving recovery. Indeed, specific instruments to measure QOL in stroke survivors such as the SIS 3.0 have been developed in the last 2 decades to be more sensitive to patients' changes and to avoid the ceiling and floor effect of prior-developed tool. 54, 55 Because construct validity deals with the theoretical adequacy of a measure, another clinical implication of this study is that the 4-factor structure of the SIS 3.0 gives a theoretical base to QOL in stroke survivors that can be used to guide clinical practice. In fact, the Physical, Cognitive, Emotional, and Social participation dimensions may illuminate clinicians on the focus of interventions to improve recovery and QOL after stroke. 56 
Conclusion
Further studies are needed to evaluate the psychometric properties of the SIS 3.0. As emphasized by Waltz et al, 57 ''one validates not the measurement tool or method but rather some use to which the measure is put'' (p19) and ''evidence for reliability and validity of a tool or method is accrued over time.'' (p20) Further studies should be also focused on reducing the number of items because some were very highly correlated and thus probably reflect the same content. 
What's New and Important
h Confirmatory factor analysis revealed a new 4-factor structure of the SIS 3.0 with supportive fit indices. h The new 4-factor structure of the SIS 3.0 showed better reliability and lower floor and ceiling effect than the original 8-factor structure did. h The use of SIS 3.0 in clinical practice and research is recommended.
